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(57) ABSTRACT

A bearing cage for a rolling element bearing assembly, the
bearing cage including a cage body having an inner surface
defining a bore coaxially aligned with the principal rotational
axis of the bearing cage; a plurality of pockets, each pocket
being suitable for housing a rolling element of the rolling
clement bearing assembly, the pockets being arranged
sequentially around the cage body with respect to the princi-
pal rotational axis of the bearing cage; and a skirt projecting
from the cage body 1n the axial direction; characterized by a
flow deflector projecting from the skirt 1n the radial direction.
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1
BEARING CAGE DEFLECTOR

FIELD OF THE INVENTION

The present mvention relates to bearing cages providing
improved protection for the working contacts of bearings, 1n
particular bearings 1n gas turbine engines.

BACKGROUND OF THE INVENTION

A gas turbine engine includes an engine outer structure,
which 1s essentially a pressure vessel that contains hot, flow-
ing air, and support structures for the rotating elements of the
engine, which extend through the pressure vessel 1n order to
support the rotating elements whilst still allowing air to pass
from the front to rear of the engine.

Generally, the support structures are circular when viewed
along the axis of the engine, with a number of struts or vanes
joimng mner and outer rings and a bearing chamber located in
the middle. Inside the bearing housings, the bearings allow
free rotation, yet precise centring, of the rotating elements of
the engine such as drive shaits.

The bearing chamber provides a favourable environment
for the bearings to operate reliably. For example, inside the
chamber, nozzles are provided to distribute lubricant to the
bearings. To prevent lubricant leaking out of the bearing
chamber, and to prevent the 1ingress to the chamber of excess
hot air, the bearing chamber 1s separated from the surrounding,
environment by seals. In use, the air pressure 1n the environ-
ment surrounding the bearing chamber 1s at a higher pressure
than inside the chamber, and typically gas flows 1n to the
chamber through the seals. Thus the seals may be provided 1n
the form of labyrinth seals, for example. This inward flow of
air prevents o1l from migrating in the opposite direction out of
the bearing chamber through the seal.

However, this arrangement can be disadvantageous. For
example, the mnward flow of gas may bring with 1t unwanted
detritus, debris and/or other undesirable contaminants, which
could adversely atfect the operation of the bearings.

Furthermore, the incoming gas may be of a sufliciently
high temperature to create an axial thermal gradient across
the bearing. This may cause the bearing cage to warp, e.g. to
cone, and may result in dynamic cage instability of the bear-
ng.

It may also cause a temperature rise in the lubricant (o1l) in
the bearing, potentially leading to degradation of the lubricant
and thus to bearing damage. Indeed, lubricant 1s typically
scavenged from the bearing and reused elsewhere in the
engine, thus degraded lubricant could have adverse etiects
clsewhere 1n the engine.

The architecture of the engine will often dictate when a
bearing and a seal are 1n axial alignment, or are close to axial
alignment. In such an alignment, the typical route of the gas
flow from the seal 1s against the direction of lubricant flowing
from the bearing, and this impact of lubricant (in particular,
o1l) and gas (1n particular, air) may cause local disruption to
the oil/air flow and increase the temperature of the o1l 1n the
bearing chamber, leading to similar disadvantages as those
described above.

SUMMARY OF THE INVENTION

The present invention has been devised 1n view of at least

these problems/disadvantages.
Theretfore, the present invention provides a bearing assem-

bly according to the appended claims.
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A bearing cage for the bearing assembly includes: a cage
body having an inner surface defining a bore having an axis
arranged coaxially with the principal rotational axis of the
bearing cage; a plurality of pockets, each pocket being suit-
able for housing a rolling element of the rolling element
bearing assembly, the pockets being arranged sequentially
around the cage body with respect to the principal rotational
ax1s of the bearing cage; a skirt projecting from the cage body
in the axial direction; and a flow detlector projecting from the
skirt in the radial direction.

Thus, when 1nstalled in a rolling element bearing assembly
the tlow detlector can prevent debris or undesirably hot gases
present 1n the surrounding environment from entering the
assembly.

Preferably, the flow deflector extends circumierentially
entirely around the skirt.

Respective skirts may be provided to project from the cage
body 1n opposite axial directions, a respective flow detflector
projecting from each skirt in the radial direction. Thus, the
assembly can be protected from debris 1n both axial direc-
tions.

The or each flow detlector preferably projects outwardly
from the principal rotational axis of the bearing cage 1n the
radial direction. This arrangement 1s of particular benefit
when the bearing cage 1s an inner piloted bearing cage. Thus,
the 1nner surface of the bearing cage defining the bore may
provide the pilot surface of the bearing cage.

However, the or each flow detlector may project inwardly
towards the axis of the bore in the radial direction, for
example when the bearing cage 1s an outer piloted bearing
cage. This arrangement 1s of particular benefit when the bear-
ing cage 1s an outer piloted bearing cage. Thus, the outer
surface of the bearing cage defining the bore may provide the
pilot surface of the bearing cage.

The or each flow deflector preferably includes an out-
wardly facing detflector face, the deflector face being shaped,
along its length (extent) of projection in the radial direction,
to extend 1n the axial direction towards the cage body. Thus,
the deflector face may be angled towards the cage body.
Shaping the deflector face 1s beneficial in order to reduce the
turbulence in the gas tlow.

The deflector face, along 1ts length (extent) of projection in
the radial direction, may be formed to include a compound
angle, or a plurality of compound angles.

The deflector face may be curved along at least a portion 1ts
length (extent) of projection 1n the radial direction, e.g. to
provide a smooth deflection, or re-direction, of the gas.

The detlector face may be curved along 1ts length (extent)
of projection, 1n the radial direction, such that the closest
region of the detlector face to the cage body 1s formed in an
intermediate region along the length (extent) of projection of
the detlector face. Thus, the deflector face may, 1n addition to
deflecting (or re-directing) the gas radially away from the
bearing cage, deflect (or re-direct) the gas axially away from
the bearing cage.

Preferably, each respective skirt extends circumierentially
entirely around the principal rotational axis of the bearing
cage. Preferably, each flow deflector extends circumieren-
tially entirely around a respective skirt.

Any of the features of this first aspect of the invention may
be incorporated into any of the other aspects described herein;
in particular, into the following aspect(s).

The present invention provides a bearing arrangement
including: a rolling element bearing assembly including a
bearing cage having a cage body having an inner surface
defining a bore coaxially aligned with the principal rotational
axis of the bearing cage, a plurality of pockets, each pocket




US 9,194,429 B2

3

housing a rotatable rolling element of the rolling element
bearing assembly, the pockets being arranged sequentially
around the cage body with respect to the principal rotational
axis of the bearing cage, and a skirt projecting from the cage
body 1n the axial direction; a first body located 1n the bore of
the bearing cage and coaxially aligned with the principal
rotational axis of the bearing cage, and arranged to engage
cach of the rolling elements; a second body arranged circum-
terentially around the bearing cage to engage the rolling
clements, the first and second bodies being rotatable with
respect to one another about the principal rotational axis of
the bearing cage; and a bearing chamber arranged to house the
rolling element bearing assembly, the bearing chamber pro-
viding a source of gas flow into the bearing chamber; char-
acterized 1n that the bearing cage includes a tlow deflector
projecting from the skirt in the radial direction, for deflecting
the gas tlow away from the cage body.

Thus, the present invention provides a bearing arrangement
in which a gas flow, potentially containing debris or other
undesirable contaminants, 1s detlected away from a rolling
clement bearing assembly so as to prevent undesirably hot
gases, debris and/or other contaminants from entering the
bearing assembly.

In other words, the flow detlectors re-direct the gas tlow
from the source of the gas tlow (e.g. the seal adjacent the
bearing assembly) which results 1n a reduction in risk of
debris entering the working contacts of the bearing. This
therefore reduces the risk of the bearing suffering premature
damage and failure. Consequently, the robustness of the bear-
ing to its operational environment will be improved, leading
to an improvement 1n reliability.

The or each tlow deflector preferably projects outwardly
from the principal rotational axis of the bearing cage 1n the
radial direction. This arrangement 1s of particular benefit
when the bearing cage 1s an inner piloted bearing cage. Thus,
the mner surface of the bearing cage defining the bore may
provide a pilot surface for engagement with the first body.

Preferably, the flow deflector intercepts the gas flow
between the source and the cage body.

Preferably, the tlow deflector 1s arranged to block the direct
line of sight between the source and the cage body.

The source of gas flow 1s preferably a seal, e.g. provided to
seal the bearing chamber; for example, to prevent the outtlow
of gases or fluids from the bearing chamber. Preferably, the
seal 1s located adjacent the bearing cage, e.g. 1n the direction
of the axis of the bore and/or the direction o the principal axis
of rotation of the bearing cage. The seal 1s preferably config-
ured to permit gas to flow into the bearing chamber when the
gas pressure on the external side of the seal exceeds the gas
pressure 1nside the bearing chamber by a predetermined
amount.

Thus, the present invention may provide a bearing arrange-
ment including: a rolling element bearing assembly including,
a bearing cage having a cage body having an inner surface
defining a bore coaxially aligned with the principal rotational
axis of the bearing cage, a plurality of pockets, each pocket
housing a rotatable rolling element of the rolling element
bearing assembly, the pockets being arranged sequentially
around the cage body with respect to the principal rotational
axis of the bearing cage, and a skirt projecting from the cage
body 1n the axial direction; a first body located 1n the bore of
the bearing cage and coaxially aligned with the principal
rotational axis of the bearing cage, and arranged to engage
cach of the rolling elements; a second body arranged circum-
ferentially around the bearing cage to engage the rolling
clements, the first and second bodies being rotatable with
respect to one another about the principal rotational axis of
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the bearing cage; and a bearing chamber arranged to house the
rolling element bearing assembly, the bearing chamber pro-
viding a seal configured to permit gas to tlow into the chamber
when the gas pressure on the external side of the seal exceeds
the gas pressure side the bearing chamber by a predeter-
mined amount, wherein the seal 1s located adjacent the bear-
ing cage 1n the axial direction (e.g. of the axis of the bore
and/or of the principal rotational axis of the bearing cage);
characterized 1n that the bearing cage includes a flow detlec-
tor projecting from the skirt 1n the radial direction, for deflect-
ing the gas flow away from the cage body.

Preferably, the flow deflector intercepts the gas flow
between the seal and the cage body. In other words, the flow
deflector preferably lies on the flowpath of the incoming gas
flow, between the seal and the bearing cage.

The tlow detlector may be arranged to block the direct line
of sight between the seal and the cage body.

The bearing chamber typically includes a chamber exit,
and thus the flow detlector 1s preferably arranged to deflect
the gas flow towards the chamber exit.

The chamber exit 1s preferably located radially outwards
with respect to the tlow deflector, e.g with respect to the
principal axis of rotation of the bearing cage.

In a further aspect, the present invention provides a method
of assembling a gas turbine engine including the step of
incorporating a bearing cage or a bearing arrangement
according to the teaching and disclosure herein into the gas
turbine engine.

In yet another aspect the present invention provides a gas
turbine engine including a bearing cage, or a bearing arrange-
ment, according to the teaching and disclosure herein.

According to the present invention, the redirection of gas
flow reduces the interaction between the gas flow from the
seal and the flow of lubricant scavenged from the bearing.
This improves the overall lubricant scavenge capability of the
bearing, reducing the turbulence 1n the chamber and leading
to a reduction 1n heat transfer to the lubricant in the chamber,
meaning that the performance of the bearing 1s maintained at
acceptable levels for longer periods.

Indeed, the redirection of gas flow at the extremities of the
bearing cage wing can reduce the heat transferred to the
bearing ifrom the gas to the side of the cage, e.g. above the
pilot surface (particularly, but not exclusively, 1n an inner
piloted arrangement as shown in the figures). This reduces the
increase 1n axial thermal gradient across the bearing typically
suifered by prior art bearing cages, and thus reduces the risk

of bearing cage coning which can cause dynamic cage insta-
bilities.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described by
way ol example with reference to the accompanying draw-
ings in which:

FIG. 1 shows an example of a ducted fan gas turbine engine
incorporating the present invention;

FIG. 2 shows an example of a bearing cage and bearing
arrangement according to the present invention;

FIG. 3 shows an example of another bearing cage and
bearing arrangement according to the present invention.

DETAILED DESCRIPTION AND FURTHER
OPTIONAL FEATURES OF THE INVENTION

With reference to FIG. 1, a ducted fan gas turbine engine
incorporating the invention 1s generally indicated at 10 and
has a principal and rotational axis X-X. The engine com-
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prises, 1n axial flow series, an air intake 11, a propulsive fan
12, an intermediate pressure compressor 13, a high-pressure
compressor 14, combustion equipment 15, a high-pressure
turbine 16, an intermediate pressure turbine 17, a low-pres-
sure turbine 18 and a core engine exhaustnozzle 19. A nacelle
21 generally surrounds the engine 10 and defines the intake
11, a bypass duct 22 and a bypass exhaust nozzle 23.

During operation, air entering the intake 11 1s accelerated
by the fan 12 to produce two air tlows: a first air tlow A 1nto the
intermediate pressure compressor 13 and a second air flow B
which passes through the bypass duct 22 to provide propul-
stve thrust. The intermediate pressure compressor 13 com-
presses the air flow A directed 1nto 1t before delivering that air
to the high pressure compressor 14 where further compres-
s10n takes place.

The compressed air exhausted from the high-pressure
compressor 14 1s directed into the combustion equipment 135
where 1t 1s mixed with fuel and the mixture combusted. The
resultant hot combustion products then expand through, and
thereby drive the high, intermediate and low-pressure tur-
bines 16,17, 18 before being exhausted through the nozzle 19
to provide additional propulsive thrust. The high, intermedi-
ate and low-pressure turbines respectively drive the high and
intermediate pressure compressors 14, 13 and the fan 12 by
suitable interconnecting shaftts.

FIG. 2 shows an example of a bearing cage 30, according to
an aspect of the present invention, incorporated nto a gas
turbine jet engine. FIG. 2 1s a cross-section of a portion of
such a gas turbine engine, and shows (only) the upper portion
of a rotatable shaft 32 and (only) the upper portion of a (e.g.
fixed) ring 34 arranged coaxially with the shait 32. Likewise,
only the upper portion of the bearing cage 30 1s shown.

The principal axis of rotation of the bearing cage 30 1s
coaxially aligned with the axis of rotation of rotatable shaft
32. The principal axis of rotation of the bearing cage 1s the
axis about which the bearing cage rotates in use.

The bearing cage 30 defines a bore 1n which the shaft 32 1s
located and rotatable. The ring 34 defines another bore 1n
which the bearing cage 30 1s located and rotatable. The axis of
cach bore 1s preferably coaxially aligned with the principal
axis of rotation of the bearing cage 30.

The bearing 30 includes a main cage body 31, located 1n a
central region of the bearing cage 30, 1n the axial direction.

A series of pockets 36 are arranged circumierentially
around the main cage body 31. Each pocket 36 houses a
rolling element 38, which 1s rotatable within the pocket 36.
Rolling elements 38 may be spherical, e.g. ball bearings, or
cylindrical, e.g. rollers. In the example shown, the rolling
clements are cylindrical, and have an axis of rotation which 1s
parallel to, but radially offset from, the principal axis of
rotation of the bearing cage.

In addition to rotating about their own axis of rotation, the
rolling bearing elements 38 typically rotate about the princi-
pal axis of rotation of the bearing cage 30, e.g. as the shait 32
1s rotated.

Rolling bearing elements 38 engage with the ring 34 and
with the shaft 32, to bear the load between them, e.g. via
bearing working contacts 40. Bearing working contacts 40
require lubrication, €.g. by lubricant delivered by o1l holes 42.
The lubricant can be degraded by overheating and/or by the
introduction of debris or contaminants.

To help ensure that lubricant is scavenged efficiently from
o1l holes 42, cage wings 41 are provided. Cage wings 41
typically project from the main cage body 31 in the axial
direction (1.e. 1n the direction of the principal axis of rotation
of the bearing cage). Cage wings 41 typically extend circum-
terentially entirely around the principal axis of rotation of the
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6

bearing cage, e.g. to form a cylinder. The cage wings 41
typically provide an axial extension to the bore of the bearing
cage.

A cage wing 41 (or skirt) may be provided with a weir to
help encourage scavenged lubricant to flow towards the
desired region, typically towards the bearing working con-
tacts. An mner piloted bearing cage typically includes such a
welr on 1ts mner surface. An outer piloted bearing cage may
include such a weir on 1ts outer surface.

Typically, the bearing arrangement shown in FIG. 2 1s
housed within a bearing chamber 43. The bearing chamber 43
1s not typically hermetically sealed from the surrounding
environment, in other words 1t 1s not typically an airtight
chamber.

For example, a non-airtight seal 44 may be provided
between shait 32 and the bearing chamber 43. The principal
purpose of seal 44 1s not to prevent gas flow 1n to the bearing
chamber, but to prevent lubricant (o1l) flow out of the bearing
chamber 43. Thus, seal 44 may be a labyrinth seal, for
example.

Seal 44 permits a flow of gas from outside the bearing
chamber to pass through 1t into the bearing chamber, as shown
by arrows A and B 1n FIG. 2. In use the pressure at A will be
suificiently greater than at B to ensure that o1l 1s prevented
from tlowing out of the chamber 43 through seal 44.

However, a flow of gas from A to B introduces undesirable
debris and/or contaminants into the bearing chamber 43. Fur-
thermore, the gas tlowing from A to B 1s of a high temperature
and typically has a relatively high velocity, and can thus cause
problems as discussed.

Indeed, due to the architecture of the bearing arrangement,
the shaft 32 and the seal 44 are typically arranged such that the
flow of gas 1s directed towards the bearing cage 30, and thus
the bearing working contacts 40.

Thus, the present invention provides a tlow detlector 46
arranged to detlect or re-direct the flow of gas, entering the
bearing chamber via the seal, away from the bearing assem-
bly; in particular away from the bearing working contacts.

Flow detector 46 projects from the cage wing 41 1n the
radial direction, to 1tercept the air flow and encourage it to
flow radially outwards (away from the bearing) before it can
enter the bearing.

The bearing chamber 43 preferably includes a chamber
exit 50. Preferably, the flow deflector 46 re-directs the gas
flow towards the chamber exit 50, as represented 1n FI1G. 2 by
arrow C. Preferably, therefore, the chamber exit 30 1is
arranged radially outwards of the bearing cage 30, and 1n
particular radially outwards of the tflow deflector 46.

The tflow detlector 1s preferably an additional tang project-
ing from the cage wing 41 in the radial direction. Typically,
the flow deflector 46 1s an additional tang projecting from the
outer perimeter (circumierence) of the cage wing 41. The
flow detlector 46 typically projects from the axial tip of the
cage wing 41. The flow deflector 46 preferably extends
around the entire circumierence of the cage wing 41. Thus, 1n
structural terms, the flow deflector 46 may be thought of as a
l1ip or flange arranged circumierentially around the cage wing
41, e.g. at i1ts axial extremity. These arrangements are pre-
ferred to minmimize the additional mass contributed by the
flow detlector 46.

Preferably, the tlow detlector 1s located between the source
of the gas flow (e.g. the seal 1n this example) and the bearing
assembly, 1n particular the bearing working contacts 40. In
some embodiments, where the gas flow 1s linear, the tlow
deflector 46 may therefore be located to block the direct line
ol sight between the source of the gas flow and the bearing
assembly; 1 particular the bearing working contacts 40.
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However, where the gas flow 1s not linear, the tlow deflector
may be arranged elsewhere to block the flowpath of the gas
flow to prevent 1t reaching the bearing assembly; 1n particular
the bearing working contacts.

The flow deflector 46 includes an outwardly facing face 48,
suitably shaped to encourage the re-direction, or deflection,
of the gas tlow radially outwards before reaching the bearing
assembly, and in particular the working contacts of the bear-
ing assembly. For example, the face 48 may be angled, e.g. to
project back towards the main cage body 31, to encourage
such a re-direction.

The angle of face 48 with respect to the principal axis of
rotation of the bearing cage 30 may vary dependent on the
relative location of the gas tlow source (e.g. the seal 1n this
example) with respect to the bearing assembly (1n particular
with respect to the bearing working contacts 40) and/or the
chamber exit. Likewise, the angle may vary depending on the
pressure of the gas flow.

The extent of projection of the flow deflector 46 1n the
radial direction may also vary dependent on the same factors.

If the surrounding architecture permits, then a relatively
large tlow deflector 1s preferable, so as to block as much as
possible of the flowpath between the source of the gas tlow
and the bearing assembly; 1 particular the bearing working
contacts.

A simple configuration of a flow detector 46 according to
the present invention comprises a planar face 48 formed cir-
cumierentially around the cage wing 41 to project in the radial
direction therefrom. The face may be orthogonal to the prin-
cipal axis ol rotation of the bearing cage. Preferably, however,
it 1s angled back towards the main cage body 31. The face 48
may be considered to be chamiered or bevelled.

In a cross-section taken parallel to the principal axis of
rotation of the bearing cage 30, this chamier or bevel would
be represented by a straight line which 1s positioned at an
angle between the source of gas tlow (e.g. the seal 1n this
example) and the bearing assembly.

However, a simple chamier or bevel may be replaced with
compound angles and/or curves, for example to provide a
smooth re-direction or deflection of the gas flow. This might
be desirable to minimise the risk of turbulent gas flow and the
associated heat generation 1n the bearing chamber, to avoid
the aforementioned problems.

A representation of a compound angle and curved cage
debris detlector 1s shown 1n FIG. 3. The face 48 may be
formed of one or more compound angles, such that the face
actively re-directs the gas flow away from the bearing assem-
bly (1n particular the bearing working contacts 40) not only in
the radial direction by also 1n the axial direction. This may
also be achueved by curving the face 48 away from the cage
main body, towards the radial extremity of the face 48. Thus,
an intermediate region of the face 48 (in the radial direction)
may define an annulus which 1s closer to the cage main body
31, 1n the axial direction, than radially inner and outer regions
ol the face 48.

The axial distance from the central region of the bearing
cage to the face(s) 48 of the tflow detlector(s) 46 1s typically
selected to ensure that the scavenge route of the lubricant
from the bearing 1s not adversely atffected. The scavenge route
must maintain suificient area to pass all of the lubricant from
the bearing assembly without causing a choke point, or choke
region, that would otherwise restrict the flow of lubricant and
potentially lead to flooding of the bearing. From a known
volume of lubricant supplied to the bearing assembly, the
required scavenge area can be calculated by the skilled person
using standard fluid dynamics theory.
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Only a single cage wing, rather than a pair as shown 1n
FIGS. 2 and 3, may be provided 1n certain arrangements. This
may be due to limitations imposed by the surrounding archi-
tecture for example. Thus, only a single flow detlector 46 may
be provided. Such an arrangement may also be preferred
where only a single seal 1s provided 1n the bearing chamber,
and thus only a single flow detlector 1s considered necessary.

The additional material added to the cage wing(s) by virtue
of the flow deflector(s) provides additional stifiness to the
cage wing(s) which reduces the (undesirable) growth of the
wing tip during operation. This eflectively helps to maintain
the structure of cage wing and hence provides an improved
eificiency of o1l use 1n the bearing.

Although a tflow detector may be provided for each cage
wing 41, 1t 1s also envisaged that a cage bearing having a pair
of cage wings 41 may be provided with only a single tlow
deflector 46, 1.¢. projecting from only one of the cage wings
41. This may be due to limitations imposed by the surround-
ing architecture for example. Such an arrangement may also
be preferred where only a single seal 1s provided 1n the bear-
ing chamber, and thus only a single flow detlector 1s consid-
ered necessary.

It1s to be understood that although the tlow deflector 1s said
to project from the skirt in the radial direction, 1t i1s not
intended that the invention be interpreted to be limited to flow
deflectors which only extend radially, 1.e. which extend par-
allel to the radii. Rather, 1t 1s to be understood that the flow
deflectors project from the skirt such that they extend away
from, or towards, the axis of the skirt (and theretfore the bore),
even though they may extend at an angle to the axis.

It 1s also to be understood that, although the term bore has
been used herein, methods other than boring could be used to
form the bore, for example, machining other than boring,
moulding, casting, etching, laser cutting, etc. could be used to
form a bearing cage having an inner surface defining a bore.
The term lumen could be used 1n place of bore.

When used 1n this specification and claims, the terms
“comprises” and “comprising” and variations thereol mean
that the specified features, steps or integers are included. The
terms are not to be mterpreted to exclude the presence of other
features, steps or integers.

The features disclosed 1n the foregoing description, or 1n
the following claims, or in the accompanying drawings,
expressed 1n their specific forms or 1n terms of a means for
performing the disclosed function, or a method or process for
obtaining the disclosed results, as appropriate, may, sepa-
rately, or 1n any combination of such features, be utilised for
realising the ivention i diverse forms thereof.

While the invention has been described 1n conjunction with
the exemplary embodiments described above, many equiva-
lent modifications and variations will be apparent to those
skilled 1n the art when given this disclosure. Accordingly, the
exemplary embodiments of the invention set forth above are
considered to be 1llustrative and not limiting. Various changes
to the described embodiments may be made without depart-
ing from the spirit and scope of the invention.

The mvention claimed 1s:

1. An annular bearing arrangement configured for provid-
ing free rotation between two coaxially aligned bodies
between which the bearing arrangement 1s coaxially aligned,
the bearing arrangement including:

a bearing chamber having a gas inlet and a lubricant inlet
and arranged to house a rolling element bearing assem-
bly.

the rolling element bearing assembly including a bearing
cage having
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a cage body close to or 1n axial alignment with the gas inlet
and having an mnner surface defining a bore coaxially
aligned with the principal rotational axis of the bearing
cage,

a plurality of pockets, each pocket housing a rotatable
rolling element of the rolling element bearing assembly,
the pockets being arranged sequentially around the cage
body with respect to the principal rotational axis of the
bearing cage, and

a skirt projecting from the cage body 1n the axial direction
and past the lubricant inlet,

wherein:

the bearing cage includes a flow deflector projecting from
the skirt 1n the radial direction at an axial position which
1s between the lubricant inlet and the gas inlet and which
1s arranged to intercept gas flow entering by the gas inlet
so as to detlect the gas flow away from the cage body.

2. The bearing arrangement according to claim 1, wherein
the flow detlector 1s arranged to block the direct line of sight
between the source and the cage body.

3. The bearing arrangement according to claim 1, wherein
the source of gas tlow 1s a seal provided to seal the bearing
chamber.

4. The bearing arrangement according to claim 3, wherein
the seal 1s configured to permit gas to flow nto the bearing
chamber when the gas pressure on the external side of the seal
exceeds the gas pressure inside the bearing chamber by a
predetermined amount.

5. The bearing arrangement according to claim 1, further
including an additional skirt projecting from the cage body 1n
an opposite axial direction to the skirt, a respective flow
deflector projecting from each skirt in the radial direction.

6. The bearing arrangement according to claim 5, wherein
the each flow deflector projects radially outwardly from the
principal rotational axis of the bearing cage.
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7. The bearing arrangement according to claim 1, wherein
the flow detlector includes an outwardly facing detlector face,
the detlector face being shaped, along 1ts extent of projection
in the radial direction, to extend 1n the axial direction towards
the cage body.

8. The bearing arrangement according to claim 7, wherein
the deflector face, along 1ts extent of projection in the radial
direction, 1s formed to include one or more compound angles.

9. The bearing arrangement according to claim 7, wherein
the detlector face 1s curved along at least a portion of 1ts extent
of projection 1n the radial direction.

10. The bearing arrangement according to claim 7, wherein
the detlector face 1s curved along at least a portion of 1ts extent
of projection in the radial direction, such that the closest
region of the deflector face to the cage body 1s formed 1n an
intermediate region along the extent of projection in the radial
direction of the detlector face.

11. The bearing arrangement according to claim 1, wherein
the skirt extends circumierentially entirely around the prin-
cipal rotational axis of the bearing cage.

12. The bearing arrangement according to claim 1, wherein
the tflow deflector extends circumierentially entirely around a
respective skirt.

13. The bearing arrangement according to claim 1, wherein
the bearing chamber imncludes a chamber exit, and the flow
deflector 1s arranged to deflect the gas flow towards the cham-

ber exit.

14. The bearing arrangement according to claim 13,
wherein the chamber exit 1s located radially outwards of the
flow deflector with respect to the principal axis of rotation of
the bearing cage.
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